Lower limits on the crossing angle at the interactionpoint (IP) of the compact linear collider (CLIC) are set by the multi-bunch kink instability, which, at 3 TeV centre-ofmass energy, is strongly affected by coherent pairs. Aperture requirements for the spent beam introduce a second limitation. Finally, synchrotron radiation in the detector solenoid field, in the solenoid fringe field, and in the final quadrupole field imposes an upper limit on the crossing angle.
INTRODUCTION
At the CLIC centre-of-mass energy of 3 TeV (for the parameters see table l) the two beams must collide with a horizontal crossing angle Bc. Figure 1 sketches the area around the interaction point. The vertical scale is enhanced for better visibility. In the current base line final focus system [2] a distance I* = 2 m is foreseen between final quadrupole and interaction point (IP), but it may be possible to increase it. The length of the solenoid has not been specified yet; we assume 1, 1 = 6 m.
First we will discuss the lower limits of the crossing angle which are given by the coherent pair creation and the multi-bunch kink instability, then the upper limits which are given by the effects of the main-and fringe-field of the solenoid.
COHERENT PAIRS
At the IP, due to the small spot size, each bunch produces very strong electro-magnetic fields that deform the oncoming bunch during the collision. The particles of this bunch emit hard photons, called beamstrahlung. In the strong field, these photons can turn into electron-positron pairs, the coherent pair creation. The particles produced are strongly deflected by the beam fields, so that they leave the interaction point at angles of the order of milli-radians. Since the total power in these pairs is a significant fraction 
MULTI-BUNCH KINK INSTABILITY
Because of the small bunch spacing there will be parasitic crossings between outgoing and incoming beams inside the detector. If the beams collide with no angle or position error, and in the absence of a magnetic field, only horizontal kicks occur. Since they have the same direction for both beams, this only leads to a very small transverse shift of the IP for subsequent bunches, if the two beam intensities are the same.
For non-perfect beams, however, the parasitic collisions can lead to an instability [5] . Particularly severe is the case of two beams colliding with a vertical offset. Due to the beam-beam interaction, the first colliding bunches will leave the IP with a large vertical angle. This in turn leads to vertical offsets in the parasitic collisions which kick the incoming bunches such that their offset at the IP is increased. This effect can be strongly reduced by increasing the crossing angle Bc between the two beams.
In the case of CLIC, the particles from coherent pair creation have also to be taken into account. If two beams collide with a vertical offset, the electrons of the coherent pairs lsol l2 Positrons in an electron bunch are treated by using a negative energy E and vice versa. For CLIC, with n = 1*/(As/2) = 20 we find E x 280GeV and Ay M 15prn < < ay = 1 nrn.
We have simulated the beam-beam collisions in the IP with Guinea-pig [6] and written a tracking program for the parasitic collisions. Figure 2 shows the luminosity loss ALIL as a function of the crossing angle Oc for beams that collide initially without position or angle error. In one case the charge in one beam is only 90% of the nominal one.
The losses are acceptable for 8, 2 10 mrad. Figure 3 shows the luminosity loss as a function of the crossing angle for beams with an initial offset of Ay = fO.10,.
We take the average of the two values and find that the multi-bunch effect increases the luminosity loss by a factor 2 with respect to the single bunch effect for 8, = 10 mrad and only by an acceptable 15% for 8, = 20 rnrad.
SOLENOID FIELD EFFECTS
Due to the horizontal crossing angle, the longitudinal solenoid field gives rise to a vertical deflection and vertical dispersion at the interaction point. This dispersion and the additional energy spread induced by synchrotron radiation in the central solenoid field, the solenoid fringe field and in the final quadrupole, lead to an increase of the IP spot size.
For the effect of synchrotron radiation in the central solenoid field alone, a concise expression was derived by Irwin [7] :
where c, = 55/(24&), (Bp) is the magnetic rigidity, and aco = 1 nm the ideal spot size without synchrotron radiation.
The beam size increase due to synchrotron radiation in the final quadrupole and energy-dependent focusing is called the Oide effect [8,9] . The beam size increase due to this effect, taking into account also the horizontal motion inside the quadrupole, can be expressed as [7] : 
z and y are the particle coordinates with respect to the design trajectov, lfringe denotes the length of the fringe-field region, and is the beam offset at the fringe from the centre line of the solenoid. It might seem attractive to align the solenoid axis with the position of the beam at the fringe so that zoff = 0. However, in that case the vertical dispersion generated by the fringe no longer cancels the vertical dispersion generated by the inner solenoid field. Below, we assume the conventional offset z 0~ = 1* sin 8.
We have written a simple tracking program to study the combined effect of solenoid field, solenoid fringe field and final quadrupole magnet. These three fields may be partially superimposed. We consider the case that the solenoid extends beyond the quadrupole end face, as illustrated in Fig. 1 In all of the cases considered, the average number of photons emitted per electron is about 1.5.
CONCLUSION
To avoid secondary background due to the coherent pairs created at the IP, a minimum crossing angle 8, 2 20mrad is required for CLIC. This crossing angle also leads to acceptable multi-bunch effects .due to parasitic collisions. Synchrotron radiation in the final quadrupole 
